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A CONTRIBUTION TO THE STRUCTURAL HISTORY OF THE
VIDAL-PARKER REGION, CALIFORNIA AND ARIZONA

By W. J. CARR

ABSTRACT

Geologic investigations in the area of the lower Colorado River
Valley have provided some new information that permits an integra-
tion of part of the geologic history for western Arizona and
southeastern California. The studies, aimed principally at evaluating
the recency of faulting in the eastern Mojave Desert, were done in
support of geologic evaluation of the region for proposed nuclear power
generating facilities.

Several maps are presented, including 1:125,000-scale geologic map,
and regional compilations of geology, gravity, and aeromagnetics at
1:500,000.

Physiography, geology, and geophysics combine to delineate a
northwest-trending zone about 100 km wide, here named the Mojave-
Sonoran Belt. This structural-physiographic feature can be viewed as
a southeastward extension of the Walker Lane Belt of western Nevada.

Rocks of Precambrian, Permian, Cretaceous, Miocene, Pliocene, and
Quaternary age have been identified in the Vidal-Parker region. All
the pre-Tertiary rocks have undergone varying degrees of metamor-
phism. Although some rocks in the Riverside Mountains are probably
Precambrian, some evidence suggests that most of the rocks previous-
ly mapped in the Vidal-Parker region as Precambrian may be Paleozoic
or Mesozoic in age. A sequence of late Paleozoic rocks, mostly of Per-
mian age, has been recognized in several areas in the region. This se-
quence is characterized by a uniform, fine-grained quartzite that
probably correlates, not with the Coconino Sandstone, but with the
Esplanade Sandstone of thie Supai Group, or with the Queantoweap
Sandstone of McNair (1951). Differences in the Paleozoic section be-
tween the Riverside and nearby Big Maria Mountains, and elsewhere,
suggest that major strike-slip faulting may have occurred between
those two areas.

One of the most widespread metamorphic rock units is a thick, fairly
uniform, partly mylonitic gneiss. This strongly banded or foliated rock
unit occurs above late Paleozoic rocks in several areas, and it is believed
to be Mesozoic in age. Potassium-argon and fission-track dates record
a minimum age of early Tertiary, however. On the other hand, rocks
of this unit differ in character from other Mesozoic(?) rocks in the
region.

Granite grading abruptly into granite gneiss is abundant in the
region. These rocks have been dated as Late Cretaceous by potassium-
argon techniques.

Tertiary rocks of the Vidal-Parker area are both Miocene and
Pliocene, but nearly all thie volcanic rocks are Miocene. The Tertiary
stratigraphy is highly complex, units are discontinuous, and changes
are abrupt. Many pronounced unconformities occur. Breccias and
megabreccias are a prominent feature of the lithology. Two major lava
sequences, consisting of predominantly rhyodacite and andesite flows
and breccias, intertongue in the western Whipple Mountains. These
rocks range in age from about 22 to 18 m.y. (million years).

Basaltic volcanism began about 15 m.y. ago and continued
sporadically for about 10 m.y. Many of the younger mafic lavas are

trachybasalts or basaltic andesites. A small center in the Buckskin
Mountains erupted trachytes and trachyandesites with peralkaline
affinities.

Peach Springs Tuff of Young and Brennan (1974), an important ash-
flow tuff stratigraphic marker, has been found at several localities
in the Vidal-Parker region. A map of the known localities of the tuff
shows a predominant northeast-southwest distribution, with a possible
source southwest of Kingman, Ariz.

Sedimentary material, ranging from megabreccia to lacustrine
limestone, dominates the Tertiary section in most areas. Megabrec-
cias consist of metamorphic and locally identifiable late Paleozoic
rocks. In some areas a prominent unconformity separates volcanic
rocks and breccias consisting of granitic and metamorphic rocks from
overlying thin-bedded sandstone, siltstone, and limestone.

A unit of detrital material called the fanglomerate of Osborne Wash,
overlies with sharp unconformity the highly disturbed older Tertiary
volcanic and sedimentary rocks. On the basis of dates on intercalated
lavas, this unit ranges in age from about 13 to 5 m.y.

The Bouse Formation, a late Miocene and Pliocene estuarine deposit,
found at scattered locations below about 330 m, grades upward
and laterally into what are interpreted as beach and eolian deposits.
The Bouse is generally overlain by deposits laid down by the Colo-
rado River, but in one area fluvial gravels are present beneath the
Bouse.

Alluvium in the Vidal-Parker region consists of old, highly dis-
sected gravels, of intermediate-age fan deposits displaying varying
degrees of soil and desert varnish formation, and of younger alluvium
related to present drainage. Ages of these units are imprecise, but
the oldest is probably Pliocene and Pleistocene; one of the more
prominent deposits of intermediate age is apparently about 80,000
years old.

The Vidal-Parker region is a somewhat anomalous part of the Basin
and Range physiographic province. It lies within a structural-
pliysiographic belt perceived to be a part of a major continental linea-
ment that extends from Texas to Oregon. In this area the lineament
is here named the Mojave-Sonoran Belt. The northeast edge is marked
by a rather abrupt termination of northerly trending basins and ranges;
the southwest edge is less distinct but is defined partly by an en
echelon series of northwest-trending faults, commonly expressed
topographically, and having important components of strike-slip
displacement. Persistent lithologic changes take place along the
southwest belt margin in rocks of Paleozoic and Mesozoic age. Changes
in crustal configuration also appear to occur along the boundaries.
In the Vidal-Parker region, the belt is also characterized by (1) an
almost total lack of seismicity; (2) no surface faulting in intermediate-
age alluvium, and very minor faulting in rocks younger than about
5 m.y.; (3) only minor faulting since about 13 m.y. ago, although
evidence exists that faults are younger and have more displacement
toward the boundaries of the Mojave-Sonoran Belt; and (4) a lack of
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2 STRUCTURAL HISTORY, VIDAL-PARKER REGION, CALIFORNIA AND ARIZONA

deep alluvium-filled basins. These geologic conditions are reflected in
the aeromagnetic and gravity maps as a scarcity of pronounced linear
gradients or anomalies. The combination of less volume of unmetamor-
phosed granite in the crust of the Colorado River Valley with a distinct
gravity high extending from Yuma to Lake Mead suggests the
possibility that the estuary that existed in Bouse Formation time and
the course of the Colorado River were influenced by isostatic ad-
justments.

As a possible result of major strike-slip faulting, the style of pre-
Tertiary structure may also change across the boundaries of the
Mojave-Sonoran Belt. In the northern Riverside Mountains, the rocks
are repeated by reverse faulting semiconcordant with bedding, accom-
panied by only local appressed folding, plastic deformation, and at-
tenuation, which seem to characterize the structure farther to the
southwest.

Striking features of the Tertiary deformation of the region include
(1) restriction of structural disturbance to a relatively short interval
of time, between about 22-14 m.y. ago; (2) regionally pervasive
northwest-striking, southwest-dipping attitudes in Miocene rocks, and
abrupt truncation of these highly deformed rocks by nearly flat-lying
fanglomerates and volcanic rocks, mostly of Miocene age; and (3) a
lack of deep structural troughs common elsewhere in the Basin and
Range province.

Lithology and distribution of Tertiary rocks suggest abrupt uplifts
along northeast trends followed by regional extension along curving
low-angle faults joining a surface of widespread dislocation. The lat-
ter feature, called the Whipple Mountains detachinent fault, spans
the Mojave-Sonoran Belt and is the master feature of late Cenozoic
tectonism. It developed rapidly about 15 m.y. ago and the upper plate
moved relatively northeastward, probably more than 20 km. Struc-
ture in the upper plate, though locally highly complex, is basically
a series of low-angle basin-and-range type faults that formed contem-
poraneously to accommodate the extension. Tertiary mineralization
appears to have a spatial relation to the fault.

The direct cause of the Whipple Mountains detachment fault is not
known, but the consistency of style and movement suggests at least
a regional and probably a plate tectonics mechanism, and possibly
a plastically extending substratum. It may not be coincidental that
initiation of Miocene movement on the San Andreas fault and ending
of displacement on the Whipple Mountains detachinent fault both oc-
curred about 14 m.y. ago. It is suggested that the relatively early end
of late Cenozoic faulting in the Vidal-Parker region may be a result
of anomalously shallow depth of the boundary between plastic and
brittle crustal failure, so that during about the last 10 m.y., exten-
sion has taken place, but almost entirely by plastic flow.

Pliocene-Pleistocene tectonic features in the region are limited to
a few faults, mostly with a few meters of displacement, except at the
northeast edge of the area where several faults may have significant
Pliocene displacement. A few small faults are known to cut the Bouse
Formation, and a persistent zone of small faults occurs northwest of
Parker in beds possibly as young as the older alluvium. About a dozen
such small faults, fault zones, or lineaments were found in the region.
Only local slight warping appears to have occurred in Pleistocene and
Holocene time.

INTRODUCTION

PURPOSE OF INVESTIGATION

Work leading to this report is an outgrowth of the
interest of southern California power companies in the
eastern Mojave Desert as a site for nuclear reactors for

generation of electricity. In their search for areas of tec-
tonic stability, these companies recognized the poten-
tial of this area for reactor siting. The Vidal, Calif., site
(fig. 1) selected by Southern California Edison Company
is about 16 km west of Parker, Ariz. Extensive in-
vestigations by the company suggested that the area
is tectonically stable and apparently has been so for
several million years.

METHODS OF STUDY

A scarcity of detailed geologic information for the
eastern Mojave Desert prompted the U.S. Nuclear
Regulatory Commission to support the Geological
Survey in the present investigation, begun in 1974,
which was aimed principally at determining the recen-
cy of faulting. The Nuclear Regulatory Commission also
funded a separate project by the Geological Survey to
monitor the seismicity of the eastern Mojave Desert.
In 1974 a number of seismic stations were installed to
cover the general region between Needles, Calif., and
the Imperial Valley.

Early in the studies it was apparent that the near lack
of seismicity in the region was matched by a virtual
absence of Quaternary surface displacement along
faults. The region around the Vidal site displayed none
of the features of active tectonism common to much of
the rest of the Basin and Range physiographic province.
To document this tentative conclusion and to provide
a partial basis for understanding this unusual geologic
situation, it was decided to map in detail an area
centered about the Vidal site, chiefly Vidal Valley and
adjoining parts of the Whipple Mountains, Riverside
Mountains, and Mopal Range (fig. 1; pl. 1). Six 7%’
quadrangles and parts of four other 72’ quadrangles
were 1napped in this phase of work, which was followed
by reconnaissance mapping of a larger area generally
surrounding the core of more detailed work.

Throughout the study, emphasis was placed on
searching for evidence of youthful faulting, so that most
of the effort was directed toward the stratigraphy and
structure of the upper Cenozoic rocks. No detailed study
was made of the pre-Tertiary, generally metamorphosed
rocks, except in the Riverside Mountains, where an
attempt was made to divide a sequence of probable up-
permost Paleozoic and Mesozoic metamorphosed
sedimentary rocks. The Paleozoic and Mesozoic rocks
probably hold most of the keys to full understanding
of the major structural evolution of the region, but the
complex structure and metamorphism, as well as the
widely scattered outcrops, make understanding of the
stratigraphy very difficult and beyond the scope of the
present work.
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FIGURE 1.—Index map of the eastern Mojave Desert, showing location of 1:24,000 scale maps (A, B, C), Vidal-Parker region (D) mapped
at 1:125,000 scale (this report), and Vidal and Sundesert former proposed nuclear power reactor sites.

Even though the Vidal site was subsequently aban-
doned for plant technical reasons, the region remains
attractive geologically and tectonically for the siting of
nuclear facilities.

The main purpose of this report is to record and,
where appropriate, to interpret new geologic informa-
tion gained by Geological Survey and power company
investigations on behalf of the Nuclear Regulatory Com-
mission. This report should be regarded as an attempt
to synthesize, however tentatively, some fragments of
the geologic history and preliminary geophysics of the
eastern Mojave Desert in both California and Arizona,
particularly those aspects that bear upon the structural
history of the region.

It should be emphasized that the fieldwork for this
report was completed in 1975, and the report itself was
finished in 1977, just before a tremendous amount of
new geologic information became available on the
region. I have tried to include a few references on the
earliest new work but have not taken into account or

discussed all the implications therefrom. For further

references and papers, see the report edited by Frost
and Martin (1982).

ACKNOWLEDGMENTS

I am much indebted to my colleague, D. D. Dickey,
who was largely responsible for painstaking mapping
of most of the Quaternary deposits in the area. Even
though the work was done independently, we were aided
by the geologic groundwork laid down by consultants
to Southern California Edison Co.; Woodward McNeil
and Assoc.; and Fugro, Inc. We are particularly in-
debted to W. B. Bull of the University of Arizona for
his fundamental stratigraphic subdivision of the
Quaternary deposits.

I acknowledge with thanks the cooperation of
Dr. Shawn Biehler of the University of California at
Riverside in providing gravity data for part of the
region. These data were substantially supplemented by
further gravity observations and data reduction by



4 STRUCTURAL HISTORY, VIDAL-PARKER REGION, CALIFORNIA AND ARIZONA

Frank E. Currey and D. L. Healey of the U.S. Geological
Survey.

Several potassium-argon dates were determined by
R. F. Marvin, and a fission-track age was obtained by
C. W. Naeser.

Reviews of the manuscript by D. D. Dickey and K. A.
Sargent of the Geological Survey were most helpful.

Several other members of the Geological Survey
assisted in various ways. F. G. Poole and P. T. Hayes
visited several areas of outcrop of the upper Paleozoic
rocks in the region and gave suggestions concerning
their stratigraphic correlation. G. O. Bachman exam-
ined and sampled some of the Quaternary deposits and
gave several helpful suggestions concerning the char-
acter and origin of the caliche zones.

I thank the Colorado River Indian Tribes for permis-
sion to study the geology on their reservation.

PHYSIOGRAPHY AND THE
MOJAVE-SONORAN BELT

The Vidal-Parker region (fig. 2) is part of a larger
physiographic and geologic belt, which lies in the south-
central part of the Basin and Range province. It is south
of the predominantly linear north-trending structures
of the province, southwest of the southern periphery of
the Colorado Plateau province, and northeast of the
northwest-trending ranges within the San Andreas and
central Mojave fault system (Fenneman, 1931, pl. 1).
The Vidal-Parker region is within the Sonoran Desert
section of the Basin and Range province; I propose the
name Mojave-Sonoran Belt (fig. 2; pl. 2) for this area
as it connects or is transitional between the Sonoran
Desert of southern Arizona and the Mojave Desert of
southeastern California (Carr and Dickey, 1977). Aside
from its geologic and geophysical characteristics, the
belt is distinguished physiographically by diversely
oriented ranges, most of which are less linear and have
less relief than most other ranges elsewhere in the Basin
and Range province. Bedrock crops out in many of the
valleys, and the slopes at the foot of the mountains are
widely pedimented.

The Colorado River crosses the heart of the Mojave-
Sonoran Belt between the towns of Needles and Blythe,
Calif. Except for contiguous drainage incision and con-
siderable regional erosion, the physiographic effects of
the river are relatively minor. The course of the Col-
orado River in the Vidal-Parker region was influenced
by several factors, some of which will be touched upon
at various points in this report. It should be noted that,
whereas all of western Arizona has an integrated
drainage system into the Colorado River, several areas
immediately west of the river in California are closed

depressions with internal drainage (Ford Dry Lake area
west of Blythe and Rice Valley-Danby Lake area).

The Mojave-Sonoran Belt may be viewed as a
physiographic and structural southeastward continua-
tion of the Walker Lane Belt or structural zone of
western Nevada (fig. 2). I consider the Walker Lane Belt
to be a structural-physiographic zone as much as
100 km wide, rather than the narrow zone originally de-
fined by Locke, Billingsley, and Mayo (1940). Its
southwest edge is along the Fish Lake Valley-Death
Valley-Furnace Creek fault zone; the northeast edge is
defined physiographically by the southern termination
of northerly trending basins and ranges. In much of
southern Nevada this boundary is the Las Vegas Valley
shear zone. Other similarities in structural style of the
Walker Lane Belt and Mojave-Sonoran Belt will be
brought out later.

STRATIGRAPHIC HISTORY

Rocks of the Vidal-Parker region are divisible into
three general groups, partly in accordance with their
involvement with a major structural feature, the
Whipple Mountains detachment fault: (1) pre-Tertiary
metamorphic, intrusive, and sedimentary rocks in the
upper and lower plates of the fault; (2) Tertiary volcanic
and sedimentary rocks older than the detachment fault
and, in most areas, displaced by it; and (3) Tertiary and
Quaternary volcanic and sedimentary rocks deposited
after movement of the fault. Except for a few details
that bear specifically upon the structural history, only
general characteristics of the rocks are described here.
For details of individual map units, the reader is referred
to geologic maps of the area at 1:24,000 scale (Carr and
others, 1980; Carr and Dickey, 1980; and Dickey and
others, 1980).

METAMORPHIC, INTRUSIVE, AND
SEDIMENTARY ROCKS

MESOZOIC, PALEOZOIC, AND OLDER(?) ROCKS

These units form the resistant cores of most of the
mountain ranges of the region, but their structural and
stratigraphic sequence is complex and not well
understood. I believe that many rocks of this group,
shown as Precambrian on local and regional geologic
maps, are Paleozoic or younger in age.

ROCKS AT THE EAST FOOT OF THE RIVERSIDE MOUNTAINS

Within the mapped area (pl. 1), some of the oldest and
structurally lowest rocks (Ip, pl. 1) lie at the east foot
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Augen gneiss, quartzite, and marble of late Paleozoic
or Mesozoic(?) age are included in the lower part of the
unit in some areas. In the Vidal-Parker region, the well-
banded or laminated gneiss occurs only in the lower
plate of the Whipple Mountains detachment fault.
Davis, Anderson, Frost, and Shackelford (1980) and
Anderson, Davis, and Frost (1979) described these rocks
in the Whipple Mountains in some detail. These authors
pointed out that the mylonitic zone or “carapace” of
metamorphism cuts across these gneissic lower plate
rocks.

The age, structural history, and thermal history of
the banded gneiss and lower plate rocks in general are
not precisely known. A K-Ar (potassium-argon) date of
46.7+1.1 m.y. (million years) (R. F. Marvin, written
commun., 1976) was obtained on feldspar from augen
gneiss near the base of the unit in the northeastern part
of the Riverside Mountains. Zircon from the same
sample yielded a fission-track age of 62.1+3.7 m.y.
(C. W. Naeser, written commun., 1977). These ages must
be considered as only approximate minimums, but they
follow rather closely the end of major Mesozoic-early
Cenozoic plutonic activity in southern Arizona and
southeastern California (Armstrong and Suppe, 1973).
Support for a general correlation between the dated rock
in the lower plate of the Whipple Mountains detachment
fault in the Riverside Mountains and similar rocks in
the lower plate in the northeastern Whipple Mountains
is found in a K-Ar date on hornblende reported by Terry
(1972) of 41.5+3 m.y. However, several nearly concord-
ant fission-track ages of about 19 m.y. were reported
by Dokka and Lingrey (1979) from lower plate gneisses
in the eastern Whipple Mountains.

Metamorphic rocks of this general type have been
called Precambrian by previous workers (W. B.
Hamilton, written commun., 1974; Bishop, 1963; Wilson
and others, 1969) in the Vidal-Parker region. Several
factors suggest that most of these rocks may not be
Precambrian, but Mesozoic in age. In two places in the
mapped area, gneisses with dolomite or marble and
quartzite intercalated near the lower contact overlie
sedimentary rocks of probable late Paleozoic age. In the
Riverside Mountains this carbonate rock-quartzite-
gneiss sequence occurs in the lower plate of the Whipple
Mountains fault; in the western Buckskin Mountains
northeast of Parker, a very similar sequence of upper
Paleozoic rocks is overlain by gneissic granite in the
upper plate of that fault. In the Big Maria Mountains,
W. B. Hamilton (written commun., 1974) mapped rocks
of this general type, which he called ‘‘Mesozoic
greenschist”’ or metavolcanic and metasedimentary
rock, as structurally overlying the upper Paleozoic sec-
tion. At most localities these probable Mesozoic rocks
have been mapped with low-angle faults separating

them from the underlying Paleozoic units, but the fact
that similar marble beds occur near this contact at
several widely separated places suggests that the
faulting is not major. Relationships with subjacent up-
per Paleozoic and lower Mesozoic(?) sedimentary rocks
suggest that the banded gneiss may be the thick
smeared-out margin of a large semiconcordant pluton.
The mylonitic gneiss is best developed in the range core
relatively near the Whipple Mountains detachment
fault of Miocene age, implying a relationship between
the gneiss and fault. However, the discordance between
the mylonite and other rocks of the lower plate suggests
separate tectonic episodes.

MESOZOIC(?) ROCKS

A separate group of rocks (unit I, pl. 1), found only
in the southeastern Riverside Mountains in the Vidal-
Parker region, is also believed to be Mesozoic (Hamilton,
1964) in age, but these rocks are somewhat different
from other probable Mesozoic sections in the region.
The rocks consist of mostly low-grade metasediments
including sandstone, minor amounts of conglomerate,
marble and dolomite with phyllite, greenschist, and one
interval of probable metatuff. Lower Triassic rocks
generally similar in description to the southeast River-
side Mountains sequence have been reported in the
Providence Mountains about 140 km to the northwest
(Hazzard and others, 1938). Pelka (1973, p. 35) has
pointed out the vague similarity between Mesozoic(?)
rocks of the Big Maria and Riverside Mountains and
his Palen formation of probable Triassic age in the
northern Palen Mountains about 50 km to the south-
west, which Pelka has called the Palen Formation for
those mountains. I was impressed, however, by the dif-
ferences in character of these rocks, particularly be-
tween those of the Riverside and Palen Mountains.

GRANITE GNEISS

Gneissic rocks (unit ug, pl. 1), making up part of the
upper plate of the Whipple Mountains detachment
fault, crop out on the flanks of the Whipple, Buckskin,
and Riverside Mountains. Although locally variable,
these rocks tend to be granitic in texture and composi-
tion and appear to grade laterally into gneissic granite
in several areas. Dark pyroxene- and sphene-bearing
phases of the unit are present locally. These rocks are
generally much broken by structural movements withi
the upper plate of the Whipple Mountains detachment
fault. Some of the gneiss is locally incorporated as brec-
cia and megabreccia within the Tertiary section; in some
areas blocks are so large that determination of such
reworking is difficult.
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The age of the upper plate gneissic rocks has not been
definitely determined, but dates on the granitic rocks
(unit Kgg, pl. 1) into which the gneisses appear to grade
suggest that much of the gneiss is Mesozoic, probably
Cretaceous, in age.

METAMORPHIC ROCKS INTRUDED BY DIKES AND SILLS

Another unit (mr, pl. 1), shown separately on the
geologic map, occurs in the metamorphic rocks of the
lower plate in the western Whipple Mountains. An area
of similar rock, not separately mapped, occurs in lower
plate gneisses farther east, between Savahia Peak and
Chambers Well. The map unit consists of gneiss and
schist intruded by swarms of dikes and sills of rhyo-
dacite or diorite. Much of the intrusive rock is hydro-
thermally altered, and determination of texture and
mineralogy is difficult. It cannot be ruled out that these
intrusives are Tertiary in age, and, indeed, they occur
only a few kilometers east of a large area of Tertiary
rhyolite and rhyodacite lavas. However, field relations
suggest that the unit is cut by granitic intrusive rocks,
which elsewhere are mostly late Mesozoic in age.

GRANITE AND GNEISSIC GRANITE

Granites and gneissic granites (units Kg and Kgg, pl.
1) do not make up a large volume of the rocks in the
mapped area, except in the West Riverside Mountains
(pL. 1). Scattered smaller areas of granitic rocks occur
around the periphery of the Whipple Mountains, in the
Riverside Mountains, and in the vicinity of Moon Moun-
tain 35 km south of Parker. Medium- to coarse-grained
granite and quartz monzonite are the most common
rock types. As mentioned previously, the granites
typically grade into gneissic granite of similar composi-
tion. In most areas, as in the West Riverside Mountains,
the gradation is fairly abrupt.

Several K-Ar dates on granitic rocks have been ob-
tained on biotite and feldspar from scattered localities
in the mapped area and are listed in table 1.

Except for the date of 146 m.y. on hornblende
reported by Terry (1972) from the northeastern part of
the Whipple Mountains, these dates from the Riverside,
Turtle, and southern Whipple Mountains agree quite
well. The close agreement in age between the samples
from the West Riverside Mountains and those from the
southern Turtle Mountains suggest that these granites
are parts of the same plutonic episode, even though the
rocks in the Turtle and Riverside Mountains are
somewhat different mineralogically.

Two other K-Ar dates on granite outside the Vidal-
Parker area were obtained by consultants to San Diego

TABLE 1.—Potassium-argon dates on granitic rocks in Vidal-Parker
region

Date and error

Sample Location (million years) Reference

-— West Riverside Mts. 98.54.0 Bishop (1963).
SC-69-62 Do.
SC-69-63 Turtle Mts., eastern

SC-69-64 Do.

92.821.9
95.621.9
93.6x1.9

Armstrong
and Suppe,
(1973).

MWC-39-74
biotite
orthoclase.

Whipple Mts., southern
87.922.1
90.7£1.4

This report.l

KA 700
KA 704

146£10
812

Whipple Mts., northeastern

Whipple Mts., southeastern Terry (1972).

R. E. Anderson
(U.S. Geological
Survey, oral
commun., 1975).

- Chemehuevi Mts. 60

ly.s. Geological Survey K-Ar ages given in this report have been
corrected for new constants.

Gas and Electric Co. (1976, v. 2, fig. 2.5-28). These dates
from the northeastern Mule Mountains southwest of
Blythe are 96.0+3.6 and 89.4+3.3 m.y.

All the above dates agree well with those on maps of
dated Mesozoic and early Tertiary igneous rocks in
southwestern United States prepared by Armstrong
and Suppe (1973). It would appear, however, that the
new dates serve to strengthen a pattern of northwest-
trending age (or metamorphic) belts of plutons in the
Mojave Desert region. These belts seem to crosscut the
boundary of the area of large volumes of granite (as
outlined by Armstrong and Suppe, 1973), and they may
persist southeastward into the region of the Colorado
River where granitic bodies are fairly numerous but
smaller in volume.

TERTIARY VOLCANIC AND SEDIMENTARY ROCKS

Rocks of Tertiary age in the Vidal-Parker region are
Miocene and Pliocene, but all the volcanic rocks of
significant volume are Miocene (table 2). Several K-Ar
dates support this conclusion, as will be discussed later.

Except possibly in the Mopah Range, the preserved
sequences of Tertiary rocks are normally less than
about 1,000 m thick, but they are characterized by
abrupt changes in thickness and lithology. These are
illustrated in figure 4, which shows a general strati-
graphic sequence for each of five areas. With the excep-
tion of a few discontinuous key units, correlations
between parts of the section are equivocal, owing to
complex structure, unconformities, and lateral changes.
One cannot normally find the exact section depicted in
figure 4 at any single locality. However, despite the
variability, certain general features of the section can
be recognized in most areas.
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TABLE 2.—Age of Tertiary volcanic rocks in Vidal-Parker region

Sample number

Rock type, name or locality

Age, millions of years~

2/

10 15 20 25
_ 1 Il 1 1 [ 1 1 Il L
MWC-72-74 Andesite of West Portal
MWC-55-74 Andesite of Osborne Wash .
F-1 Andesite of Osborne Wash m—
RD-16 Basalt, Buckskin Mountains — Intercalated with
. R fanglome(rate of
YU-179-PW Basalt, Buckskin Mountains | Osbor ne |Wash
MWC-56-74 Basalt of Lake Moovalya -
RD-21 Basalt, Black Peak —
MWC-31-76 Basalt of the Mopah Range ]
-79- : sanidine
MWC-79-74 Peach Springs Tuff biotite ‘
MWC-30-76 Andesite of Vidal )
V-1 Andesite of Vidal S
. hornblende
MQ-4 Rhyolite lava, Mopah Range {biotite ‘
g:ggé} 3/ Andesite, south end Turtle Mountains ':‘_E]:l
c-599} 3/ . )
= Andesite, south end Turtle Mountains
C-600 E:
FK-1 Andesite, South Whipple Mountains p—
Fk-2 Andesite, South Whipple Mountains —
1 Samples arranged in probable stratigraphic order.
Data sources: . . .
MWC and MQ: Marvin, R. F., and Dobson, S. W., 1979, Radiometric ages: Compilation B, U.S.'Geol.. Survey:
Isochron/West, no. 26, p. 6 and 10-11. {Note: Above reference_erroneous!y places determination no. 66
(p. 10) for MWC-31-76 directly beneath Peach Springs Tuff. This sample is from basalt of the Mopah
Range, which directly overlies the Peach Springss hence, age is not unreasqnab1e) D1cl§ey, D. D., and
others, 1980, Geologic map of the Parker N.W., Parker, and parts of the Whipple Mountains S.W. and
Whipple Wash quadrangles, California and Arizona: U.S. Geol. Survey Map I-1124; Carr, W. J., and
others, 1980, Geologic map of the Vidal N.W., Vidal Junction and parts of the Savahia Peak S.W. and
Savahia quadrangles, California: U.S. Geol. Survey Map I-1126. ) o )
F-1, V-1, FK-1, FK-2, C-597, -598, -599, -600: Information concerning site characteristics, Vidal nuclear
generating station, Southern California Edison Co., 1974, v. II, sec. 2.5, p. 36-37. )
RD-16, RD-21: Early site review report, Sundesert nuclear plant, San Diego Gas and Electric Co., 1976,
Amendment 10, figs. 2.5-28. )
YU-179-PW: Armstrong, R. L., and others, 1976, K-Ar dates from Arizona, Montana, Nevada, Utah, and
Wyoming: Isochron/West, no. 16, p. 4.
2/ Solid bar represents a date considered reasonable, and a sample whose stra@igraphic positic_m is known;
open bar, a sample whose age may be spurious or whose stratigraphic position 1is uncertain.
3/

Virtually no detailed work had been published on the
Tertiary rocks of the Vidal-Parker region prior to our
field studies (Carr and others, 1980; Dickey and others,
1980;
described the stratigraphy in the southeastern Whipple
Mountains in an unpublished work which was done on

Two samples from the same locality.

behalf of the Metropolitan Water District of Southern
California in the early 1930’s. He applied, informally,
the names Gene Wash and Copper Basin to formations
of Tertiary rocks along the route of the aqueduct
through the Whipple Mountains. His reports are in the
files of the Metropolitan Water District of Southern

Carr and Dickey, 1980). F. L. Ransome briefly
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California. Kemnitzer (1937) used these names in his
structural study of the Whipple Mountains. Because of
the abrupt stratigraphic changes in the region, these
names are not used in the present work.

VOLCANIC ROCKS

Lava flows and associated tuffs and breccias make
up the majority of the Tertiary section only in the
Mopah Range and western Whipple Mountains, and in
a small group of hills in Chemehuevi Valley west of Lake
Havasu City (pl. 1). Compositionally, they range from
rhyolite to basalt, but most of the rocks are rhyodacitic
to andesitic. Nearly all the volcanic rocks lack, or have
only very minor ainounts, of phenocrystic quartz. A few
partial chemical analyses, representative of the major
rock types, are given on the geologic quadrangle maps
(Dickey and others, 1980; Carr and others, 1980).

ANDESITE LAVAS

In general the oldest volcanic rocks are andesites,
although in the western Whipple Mountains and Mopah
Range, andesites are intercalated with rhyodacite lavas.
Andesite lavas and breccia flows are prominent around
the periphery of the Whipple Mountains, reaching their
greatest volume in the southeastern Whipple Moun-
tains where they commonly intertongue with reddish-
brown granite gneiss breccia and arkosic conglomerate
and sandstone. Dikes of altered andesite are present in
the pre-Tertiary upper plate basement rock of the
eastern Whipple Mountains, and, together with the
distribution of the lava, point to that general area as
the source. However, as discussed later, the upper plate
rocks are allochthonous and have probably been
transported many kilometers in a northeasterly direc-
tion with respect to the lower plate. Characteristically,
the dark fine-grained lavas in the Whipple Mountains
are breccia flows—used here to mean lava breccia con-
sisting entirely of fragments enclosed in a lava matrix
of the saine material. That these are not tectonic or land-
slide breccias is indicated by the fact that they contain
or are locally in depositional contact with sedimentary
rocks that are undisturbed. Breccia of this type has been
described in the Cane Spring quadrangle in Nevada
(Poole and others, 1965). Zeolites and calcite are
characteristic alteration products, and copper carbonate
stains are seen commonly on fracture surfaces.

A particularly distinctive unit, an andesite porphyry,
is locally present in many areas, generally near the base
or in the lower part of the Tertiary section. It is typically
a dark-purplish-gray rock crowded with flow-alined
plagioclase laths as much as 2 cm long—a kind of coarse
trachytic texture. It displays both extrusive and

intrusive relations and occurs in scattered small areas
throughout the Vidal-Parker region. If all the occur-
rences are the same age, the porphyry records a
widespread synchronous magmatic event.

RHYODACITE LAVAS

Rhyodacite lavas and flow breccias make up the bulk
of the Mopah Range and are present in the western
Whipple Mountains and hills in Chemehuevi Valley. In
the southern Mopah Range, eight separate flows were
mapped (Carr and others, 1980). Many of these cannot
be easily identified separately in the field, and in the
western Whipple Mountains where the lavas are exten-
sively altered and faulted they were not mapped
separately. At least one flow is a rhyolite. None of the
flows contain sanidine feldspar phenocrysts, and sparse
quartz occurs only in the rhyolites. The oldest units con-
tain prominent biotite and hornblende; the youngest
contain clinopyroxene and orthopyroxene as the pre-
dominant mafic minerals.

Thick flow breccias, thin air-fall tuffs, and one
nonwelded ash-flow tuff are associated with the lavas.
Several plug domes are present which probably served
as feeders for some of the flows. The location of these
plugs and the general characteristics and distribution
of the lavas and tuffs, together with a distinct gravity
low (pl. 2) just east of the Mopah Range, suggest that
area is the eruptive center.

Rhyodacites interfinger with andesites in the western
Whipple Mountains west of Savahia Peak. Unfortu-
nately, individual flows could not be mapped or cor-
related directly with andesites to the east or rhyodacites
to the west. It is reasonable, however, on the basis of
field relations, isotopic dates, and general lithology, to
conclude that the andesite of the Whipple Mountains
and rhyodacite lavas of the Mopah Range are at least
partly contemporaneous.

Dates were obtained on biotite and hornblende from
a rhyolite flow near the southern end of the Mopah
Range. The rock is a vitrophyre at the base of a flow near
the middle of the exposed sequence. Biotite gave an age
of 18.91+0.5 my., and hornblende, 18.2+0.8 my. (R. F.
Marvin, written commun., 1976). On the basis of this
date and field relations, an age of about 27 my., obtained
by consultants to Southern California Edison Co. (Infor-
mation Concerning Site Characteristics, Vidal Nuclear
Generating Site, v. 2, table 2.5-2) on a flow stratigraph-
ically higher in the sequence, appears to be erroneous